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(57) [Summary] 
[Structure] 

Combine color filter 8 of red color and green color with thin film EL 
element used laying 4 layers of ZnS:Mn (emit orange light) and 5 
layers of ZnMgS: Mn (emit yellow light) as emitting layer. 



[Effectiveness] 

It provides a 2-coIor indicating (red and green) multi-color thin film 
EL display panel stating its conditions by emitting brightness and 
purity on both red color and green color. 
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[Range of the Patent Claim] 
[Claim I] 

It is a thin film EL element which features ZnMgS:Mn of wurtzite 
structure c-axis oriented crystal structure which is made by adding 
manganese, based on the emission purpose that the main structure is a 
mixed crystal of zinc sulfide and magnesium sulfide. 

[Claim 2] 

It is a thin film EL element which features having emission layers as 
laid films of stacking layers between ZnS:Mn layer flash zinc ore 
style crystal structure which is made by adding manganese, based on 
the emission purpose that the main structure is zinc sulfide and 
ZnMgS:Mn layer of wurtzite structure c-axis oriented crystal 
structure which is made by adding manganese, based on the emission 
purpose that the main structure is a mixed crystal of zinc sulfide and 
magnesium sulfide. 

[Claim 3] 

It is a multi-color thin film EL panel, which has red and green color 
filters on the emission side of the thin film EL element said in the 
Claim 2. 

[Detailed explanations of the invention] 
[0001] 

[Utility field of the industry] 

This invention is regarding the thin film EL element which is applied 
as a thin flat display, and multi-color thin film EL panel which 
combines red and green color filters with the said thin film EL 
element. 

[0002] 

[Existing technique] 

A thin film EL element, which is used for a thin flat display 
sometimes uses ZnS:Mn as an emission layer that Mn is added based 
on the emission purpose onto ZnS which is the main material, and by 
using the ZnS:Mn as an emission layer, it provides a reliable view 
with high luminance. And such 2-color indicating multi-color thin 
film EL display panel (SID 91 DIGEST p.27 5-278) which combines 
red and green color filters to the abovementioned thin film element 
that the ZnS:Mn is used as an emission layer has been considered. 

[0003] 

[Subject, which this invention is going to solve] 
The emitting spectrum of the abovementioned ZnS:Mn is reaching 
the level of between 500nm and 600nm of wavelength. Therefore, by 
combining red and green color filters with the thin film element 
which ZnS:Mn is used as an emission layer, it is possible to produce 
red light and green light. The color tone coordinates (x,y) of the red 
light which is produced by combining red color filter with the 
abovementioned thin film EL element is (0.66, 0.34) which is a good 
purity concerning the red color. However, because the emitting 
spectrum of ZnS:Mn has weak emission intensity when the 
wavelength is less than 550nm, the color tone coordinates (x,y) of the 
green light which is produced by combining green color filter with 
the abovementioned thin film EL element is (0.45, 0.55) that is green 
color, but close to yellow color, and therefore, the purity of green 
color is preferable. 

[0004] 

The purpose of this invention is to provide thin film EL element, 
which has higher emitting luminance that will make a higher purity of 
green light, which is produced by combining green color filters. 

[0005] 

Also, another purpose of this invention is to provide a red and green 
multi-color thin film EL panel, which has good purity and emitting 
luminance on both red color and green color. 
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[0006] 

[The method of how to solve the problem] 

The thin film EL element concerning the invention in Claim 1 , which 
features having ZnMgS:Mn of wurtzite structure c-axis oriented 
crystal structure which is made by adding manganese based on the 
emission purpose that the main structure is a mixed crystal of zinc 
sulfide and magnesium sulfide, is made in order to solve the existing 
problem of the abovementioned. 

[0007] 

Also, the thin film EL element concerning the invention in the Claim 
2, which features having emission layers as laid films of stacking 
layers between ZnS:Mn layer flash zinc ore style crystal structure 
which is made by adding manganese based on the emission purpose 
that the main structure is zinc sulfide and ZnMgS:Mn layer is used in 
the abovementioned invention of Claim 1. 

[0008] 

Also, the multi-color thin film EL panel concerning the invention in 
Claim 3 features red and green filters on emission side of the thin film 
EL element of Claim 2. 

[0009] 
[Function] 

In order to solve the abovementioned problem, the inventors for this 
application tried wavelength shortening of the emitting spectrum of 
ZnS:Mn which is effective as an emission layer of the thin film EL 
element and has high emission luminance. As a result, by using 
ZnMgS:Mn which has emitting spectrum of the shorter wavelength 
than ZnS:Mn as an emission layer, it produced high luminance yellow 
light emitting a thin film EL element. 

[0010] 

The main body of the abovementioned ZnMgS:Mn is forming an 
uniform crystal (mixed crystal) by mixing ZnS and MgS, and its 
crystal structure is wurtzite structure c-axis oriented crystal structure 
which is different from the crystal structure of ZnS:Mn (flash zinc ore 
style crystal structure). The thin film EL element which has ZnS:Mn 
of the flash zinc ore style crystal structure as an emission layer 
presents orange emitting tight of 580nm as the peak wavelength. 
However, the thin film EL element which has ZnMgS:Mn of wurtzite 
structure c-axis oriented crystal structure as an emission layer 
presents yellow emitting light of shorter wavelength than the one 
which has the abovementioned ZnS:Mn as an emission layer, and has 
a feature of reliable high luminance quality similar to the ZnS:Mn. 
Therefore, depending on the Mg component of the main body of the 
emission layer, Mn emission changes from orange color (in the case 
of ZnS:Mn) to yellow (in the case of ZnMgS:Mn). 

[0011] 

The thin film EL element regarding the invention said in the above 
Claim 1 uses the abovementioned ZnMgS:Mn as an emission layer, 
and because the emitting spectrum has many components of green 
emitting light, and therefore, if green color filter is combined to said 
thin film EL element, would produce green emitting element with 
high luminance and high purity of the green color. 
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[0012] 

According to the invention of the structure of the abovementioned 
Claim 2, because it uses layer films by stacking the abovementioned 
thin film (ZnMgS:Mn layer) made of ZnMgS:Mn and the 
abovementioned thin film (ZnS:Mn layer) made of ZnS:Mn as 
emission layers, the emitting spectrum becomes a broad emitting 
spectrum which has many green emitting components and red 
emitting components. If red and green color filters are combined to 
the thin film EL element, would produce a 2-color emitting element 
of green and red with high luminance and high purity of both red and 
green color. 

[0013] 

The invention of the multi-color thin film EL panel said in the above 
Claim 3 puts red and green color filters on the emission side of the 
thin film EL element said in the Claim 2, and it has a possibility of 
being a good display panel or illumination panel with high emission 
luminance and high purity of both red and green colors. 

[0014] 

[Example of implementation] 

Regarding one example of the implementation of the invention, the 
explanation of Figure 1 to Figure 4 (Figure 1; P. 487 lower left, 
Figure 2; P.487 lower right, Figure 3; P.488 upper left, Figure 4; 
P.488 upper right) is as follows: 

[0015] 

The red and green 2- color indicating multi-color thin film EL display 
panel concerning the implementation example is composed by 
combining red and green color filters with the thin film EL element 
The abovementioned thin film EL display panel is a so-called 
reversed structure, and as shown on Figure 1, it will be laid as the 
order of rear electrode 2, The first insulation layer 3, ZnS:Mn layer 4, 
ZnMgS:Mn layer 5, The second insulation layer 6 and the transparent 
electrode 7 on the glass substrate I . Therefore, the abovementioned 
thin film EL element has an emission layer of a 2-layer structure of 
stacking ZnS:Mn layer 4 and ZnMgS:Mn layer 5, and it has a double 
insulation structure of using the first insulation layer 3 and the second 
insulation layer 6 which isolates the emission layer. And the thin film 
EL element has a matrix structure, which forms plural band style 
transparent electrode 7 that extends to the direction of Y (which 
crosses straight through X) and plural band style rear electrode 2 that 
extends to the direction of X toward the side which is not attached to 
the emission layer of the abovementioned both insulation layers 3 and 
6. 

[0016] 

And red and green color filter 8 is formed as matrix style at the 
crossing point of the abovementioned rear electrode 2 and transparent 
electrode 7 on the surface of the abovementioned transparent 
electrode 7. 

[0017] 

Driving the abovementioned thin film EL element is made by 
connecting an A.C. power source for driving which is not mentioned 
in the figure between the abovementioned rear electrode 2 and 
transparent electrode 7, and by applying A.C. voltage of the 
designated frequency between the two electrodes 2 and 7. When A.C. 
voltage is applied in between the two electrodes 2 and 7, an electric 
field will be made between the two electrodes 2 and 7, and by this 
electric field, the electron which is within the emission layer becomes 
a conduction electron (free electron) by being excited by the 
conduction bands, then the electron shall have enough energy 
accelerating by the electric field, and this electron shall then collide 
Mn to excite Mn, and this excited Mn would emit light when it goes 
back to the normal state. At this point, the light which is emitted 
from the emission layer shall be recognized as red light by going 
through the red color filter 8, and shall be recognized as green light 
by going through the green color filter 8. 
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[0018] 

Next, the producing procedure of the abovementioned multi-color 
thin film EL display panel shall be explained. 

[0019] 

First of all, make a deposition of the metal Mo onto the glass 
substrate 1 , and make the rear electrode 2 film approximately 300nm 
thick. 

[0020] 

Then, by high frequency magnetron sputtering, form the Si02 film 
thickness of between 30 and 80nm and the Si3 N4 film thickness of 
between 200 and 300nm, and create the first insulation layer 3 of the 
composite film. 

[0021] 

Next, create a pellet to the main body material ZnS of which Mn is 
added as an emitting purpose, and then form ZnS:Mn layer 4 of the 
film thickness of approximately 500nm by the electron beam 
deposition (hereinafter referred to as EB deposition) using the pellet. 

[0022] 

Then, create the pellet with ZnS:Mn powder and MgS powder to the 
ratio of 1 : 1 of mo 1 comparison, and form ZnMgS:Mn layer 5 film 
thickness of approximately 800nmby the EB deposition using this. 
In details, such deposition is performed within the gas pressure H2S 
of 8*10(-3)Pa setting the substrate temperature at 200°C. 

[0023] 

After that, form Si3 N film thickness of betweenlOO and 200nm and 
A12 03 film thickness of between 30 and 80nm, and create the second 
insulation layer 6 of the composite film. 

[0024] 

Then, either by EB deposition or high frequency sputtering, create 
transparent electrode 7 made of ITO (Indium Tin Oxide) film 
thickness of approximately 150nm. 

[0025] 

After that, by giving heat treatment for one hour at 630°C in a 
vacuum environment, a thin film EL element shall be produced, and 
then create the multi-color thin film EL display panel by layering red 
and green color filter 8 onto this. 

[0026] 

Features of the emission layer of multi-color thin film EL display 
panel and the thin film EL element, which are created by the 
abovementioned methods shall be shown below. 

[0027] 

First, an X-ray diffraction pattern of ZnMgS:Mn layer 5 shall be 
shown on the Figure 2. The crystal structure of the ZnMgS:Mn layer 
5 is not flash zinc ore style crystal structure like ZnS:Mn layer 4, but 
it is wurtzite structure c-axis oriented crystal structure, and the crystal 
structure of the film is different from ZnS:Mn layer 4. The 
abovementioned ZnMgS:Mn layer 5 is a mixed crystal of Zinc sulfide 
(ZnS) and magnesium sulfate (MgS). 

[0028] 

Next, the characteristic points of emitting luminance and applying 
voltage of the thin film EL element shall be shown on Figure 3. The 
characteristic points of emitting luminance and applying voltage is 
produced by applying A.C. pulse voltage of 100Hz which is element 
drive frequency between rear electrode 2 and transparent electrode 7 
after connecting the A.C. power source for the drive between rear 
electrode 2 and transparent electrode 7 of the abovementioned thin 
film EL element 



Within the same figure, the characteristic curve which is indicated as 
(A) shows the result of when the color filter 8 is not combined, and 
the characteristic curve which is indicated as (B) shows the result of 
when the color filter 8 of green color is combined, and the 
characteristic curve which is indicated as (C) shows the result of 
when the color filter 8 of red color is combined. 

[0029] 

Next, the emitting spectrum of the thin film EL element shall be 
shown on the Figure 4. Within the same figure, the characteristic 
curve which is indicated as (A) shows the result of when the color 
filter 8 is not combined with the thin film EL element, and the 
characteristic curve which is indicated as (B) shows the result of 
when the color filter 8 of green color is combined, and the 
characteristic curve which is indicated as (C) shows the result of 
when the color filter 8 of red color is combined. Color tone 
coordinates (x,y) of ZnS:Mn layer 4 is (0.52, 0.47) and emit yellow 
light which has the peak wavelength of 565nm. The light which is 
emitting from the emission layer of the double layer structure of 
ZnS:Mn layer 4 and ZnMgS:Mn layer 5 becomes a broad emitting 
spectrum similar to that shown in (A) in the same figure. Both the 
green light which is produced by combining green color filter 8 and 
the thin film EL element and red light which is produced by 
combining red color filter have approximately the same emission 
intensity. 

[0030] 

Also, the color coordinates of red light and green light which are 
produced by combining red and green color filters to the thin film EL 
element of the implementation example which uses laid emission 
layer of ZnS:Mn and ZnMgS:Mn is shown on table 1 (0031, P.486) 
and saturation luminance is shown on table 2 (0032, P.486), and each 
of which compares with the existing thin film EL element which 
ZnS:Mn is used as emission layer. 

[0031] 



Emission layer 


Red 


Green 






coordinates 


coordinates 






<x,y) 


(x,y) 




ZnS:Mn 


(0.66, 0.33) 


(0.45, 0.55) 




Laid layer of 








ZnMgS:Mn and 


(0.66, 0.33) 


(0.37, 0.58) 




ZnS:Mn 








[0032] 






[Table 2] 






Emission layer 


Saturation 


Saturation 




luminance of 


luminance of 




red [cd/m2] 


green [cd/m2] 


ZnS:Mn 


30 


80 


Laid layer of 


26 


97 


ZnMgS:Mn and 






ZnS:Mn 







[0033] 

As it is obvious from the abovementioned table 1 and table 2, the 
quality of red light which is emitted by the multi-color thin film EL 
display panel of the implementation example is the same level of the 
existing technique, and concerning the green light, the color tone 
coordinates is closer to CRT (Cathode-Ray Tube) phosphors and the 
luminance is improved by 1.2 times compare to the existing 
technique, and this resulted in both red and green color to have a good 
characteristic point. 



wurtzite structure c-axis oriented crystal structure which is made by 
adding 
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manganese based on the emission purpose that the main structure is a 
mixed crystal of zinc sulfide and magnesium sulfide, and this is the 
most remarkable feature. 

[0035] 

By this, it produces a thin film EL element which has high luminance 
and reliable as ZnS:Mn that presents yellow emitting light of the 
shorter wavelength than the ones that use ZnS:Mn as an emission 
layer, and by combining green color filter 8 with the said thin film EL 
element, it produces a green emitting element which has a high purity 
of green color and has high luminance as well. 

[0036] 

Also, the thin film EL element regarding the implementation example 
is made from the abovementioned ZnMgS:Mn layer 5 and zinc 
sulfide as the main structure, and used laid ZnS:Mn layer 4 of the 
flash zinc ore style crystal structure which manganese is added as the 
emitting source that is the structure which is remarked as the second 
feature. 

[0037] 

By this, the emitting spectrum of the thin film EL element becomes a 
broad emitting spectrum which has plenty of both components of 
green emission and red emission, and by combining red and green 
color filters 8, it produces green and red 2-color emission element 
with high purity on both red and green color and high luminance. 

[0038] 

And, the multi-color thin film EL display panel regarding the 
implementation example is made by combining red and green color 
filter 8 on the emitting side of the thin film EL element of the 
structure of the abovementioned as the second feature, and it is 2- 
color display panel which has high emitting luminance and purity of 
both red and green color. 

[0039] 

The TOKUKAISHO 63-995 patent report shows the thin film 
emission layer which has a main part as compound parts of at least 
one of MgS, CaS, SrS and BaS which is made by a doping element of 
either transition metal or rare earth metals, and ZnS. The 
abovementioned patent report is about doping element of transition 
metal or rare earth metals to MgS, etc. which is easily used to make 
hydrolysis and has a low durability, and making this as the main part, 
by mixing ZnS which has sufficient stability, it provides increased 
durability of the emission layer, which does not mean that such 
emitting color nor crystal structure of the emission layer shall be 
changed, and therefore, it shall be treated differently from this 
invention. 

[0040] 

Further, the abovementioned thin film EL element can be used not 
only for the display panel, but also for the illumination panel. The 
abovementioned implementation example is only to show the 
technical details of the invention clearly, and therefore, the method 
shall not be defined only by considering the example used in here, but 
it shall be implemented in varieties of ways within the range of the 
patent claim and the spirit of the invention. 



[0034] 

As stated, the thin film EL element concerning the implementation 
example said in here is a structure which has ZnMgS:Mn layer 5 of 
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[0041] 

As stated, the thin film EL element of the invention said in the Claim 
1 is a structure which has ZnMgS:Mn of wurtzite structure c-axis 
oriented crystal structure which is made by adding manganese based 
on the emission purpose that the main structure is a mixed crystal of 
zinc sulfide and magnesium sulfide. 

[0042] 

Therefore, the abovementioned EL element shall present yellow 
emission light which has shorter wavelength than the existing one 
which uses ZnS:Ms as an emission layer. Therefore, when green 
color filter is combined to the thin film EL element, it will provide 
such green light which has higher purity than the existing purity of 
green color, and yet having the green light with high luminance like 
the existing technique. 

[0043] 

As stated, the thin film EL element which is an invention said in 
Claim 2 is a structure has the emission layers as laid films of stacking 
layers between 2nS:Mn layer flash zinc ore style crystal structure 
which is made by adding manganese based on the emission purpose 
that the main structure is zinc sulfide and ZnMgS:Mn layer of 
wurtzite structure c-axis oriented crystal structure which is made by 
adding manganese based on the emission purpose that the main 
structure is the mixed crystal of zinc sulfide and magnesium sulfide. 

[0044] 

Therefore, the emitting spectrum of the abovementioned thin film EL 
element becomes a broad emitting spectrum which has plenty of both 
component of green emission and red emission, and by combining red 
and green color filters, it produces a green and red 2-color emission 
element with high purity on both red and green color and high 
luminance. 

[Figure 1] 
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[0045] 

The multi-color thin film EL panel which is the invention mentioned 
in Claim 3 has a structure of red and green color filter on the emission 
side of the thin film EL element said in the Claim 2. 

[0046] 

Therefore, it produces a 2-color emitting panel which has a 
characteristic of high emitting luminance and purity of both red and 
green color. 

[Simple explanation of the figures] 
[Figure 1 ] 

It is to indicate one implementation example of the invention, and it is 
a cross section view of a multi-color thin film EL display panel. 

[Figure 2] 

It is an explanation figure of the X-ray diffraction pattern of 
ZnMgS:Mn layer of the abovementioned multi-color thin film EL 
display panel. 

[Figure 3] 

It is an explanation figure of the characteristic of emitting luminance 
and applying voltage of the abovementioned multi-color thin film EL 
display panel. 

[Figure 4] 

It is an explanation figure of the emitting spectrum of the 
abovementioned multi-color thin film EL display panel. 

[Explanation of the symbols] 

1 Glass substrate 

2 Rear electrode 

3 The first insulation layer 

4 ZnS:Mn layer (Emission layer) 

5 ZnMgS:Mn layer (Emission layer) 

6 The second insulation layer 

7 Transparent electrode 

8 Color filter 



[Figure 2] 

Diffraction intensity (A.U.) 
Diffraction angle 20 [°] 



[Figure 3] 

Emitting luminance [cd/m2] 
Applying voltage [V] 

(B) Green 

(C) Red 



Emitting intensity [a.u.] 

Wavelength [nm] 

(B) Green 

(C) Red 



End. 



